The BABAR experiment has discovered a new narrow state, D * sJ (2317) + , near 2.32 GeV/c
in the inclusive D + s π 0 invariant mass distribution from e + e − annihilation data at energies near 10.6 GeV [1] . The same experiment has also shown evidence for structure in the 2.46 GeV/c 2 region in the D * s (2112) + π 0 mass spectrum. These discoveries have triggered several experiments in a search for new states coupled to the D + π 0 both in inclusive e + e − annihilation and in B decays. These two new states are difficult to explain in terms of potential models.
Introduction
Experimental information on the spectrum of the cs meson states is limited. The + . Only two other cs states are listed in the last PDG edition [2] . The D s1 (2536)
+ has been detected in its D * K decay mode and analysis of the D * decay angular distribution prefers J P = 1 + . The D * sJ (2573) + was discovered in its D 0 K + decay mode and so has natural spin-parity. The assignment J P = 2 + is consistent with the data, but is not established. The spectroscopy of cs states is simple in the limit of large charm-quark mass [3, 4] . In that limit, the total angular momentum j = l + s of the light quark, obtained by summing its orbital and spin angular momenta, is conserved. The P -wave states, all of which have positive parity, then have j = 3/2 or j = 1/2. Combined with the spin of the heavy quark, the former gives total angular momentum J = 2 and J = 1, while the latter gives J = 1 and J = 0. The J P = 2 + and J P = 1 + members of the j = 3/2 doublet are expected to have small width [5] , and are identified with the D * sJ (2573) + and D s1 (2536) + , respectively, although the latter may include a small admixture of the j = 1/2, J P = 1 + state. Theoretical models typically predict masses between 2.4 and 2.6 GeV/c 2 for the remaining two states [6, 5, 7] , both of which should decay by kaon emission. They would be expected to have large widths [5, 7] and hence should be difficult to detect. The experimental and theoretical status of the P -wave cs states thus can be summarized by stating that experiment has provided good candidates for the two states that theory predicts should be readily observable, but has no candidates for the two states that should be difficult to observe because of their large predicted widths.
2 The BABAR Experiment.
The BABAR detector (at the PEP-II asymmetric-energy e + e − storage ring with center-of-mass energy near 10.6 GeV) is a general purpose, solenoidal, magnetic spectrometer and is described in detail elsewhere [8] . The data sample use in this analysis corresponds to an integrated luminosity of 91 fb −1 . 
Monte Carlo simulations have been used to investigate the possibility that the D * sJ (2317) + signal could be due to reflection from other charmed states. This simulation includes e + e − → cc events and all known charm states and decays. The generated events were processed by a detailed detector simulation and subjected to the same reconstruction and event-selection procedure as that used for the data. No peak is found in the 2.32 GeV/c 2 D
Mass resolution estimates for the
from the data using a fit to the mass distribution D A search has also been performed for the decay D * sJ (2317) Fig. 3(a) is the D + s γ mass distribution obtained by combining a D + s candidate in the signal region of Fig. 1(a) with a photon with an energy of at least 150 MeV that does not belong to a γγ combination in the signal region of Fig. 1(b) . The requirement that the p * of the D 4) . In terms of 5 ). Defining now ∆m = m( Fig. 6 . A small peak is observed near 2.46 GeV/c 2 . The background underneath this peak is from several sources, which can be described in terms of mass differences defined as:
A scatter plot of these quantities is plotted in Fig. 6b . Two signals are clearly visible: shown in Fig. 7d (statistical errors only) . This distribution is not consistent with a sin ϑ h distribution, which rules out a D sJ (2458) + spin-parity assignment of J P = 0 − .
MC simulations have been used to measure the detector resolution, leading to the conclusion that the intrinsic width of the D sJ (2458) + is small (Γ 10 MeV/c 2 ).
Conclusions
The decay of any cs state to D Different interpretations for these states have been proposed. In ref. [13, 14] models in terms of baryonia or molecules have been proposed. Ref. [15] provides an explanation in terms of relativistic vector and scalar exchange forces. Ref. [16] uses HQET plus chiral symmetry to predict parity doubling, i.e. the expectation is that the mass splitting between the 1 + and 1 − states should be the same as for the 0 + and 0 − states.
Since a cs mesons with these masses contradicts current models of charm meson spectroscopy [5, 6, 7] , most likely these models need modification.
